A synthetic 17-mer peptide corresponding to an unique sequence in the amino-terminal region of human creatine kinase B was used to raise a new and highly Bsubunit-specific monoclonal antibody, CK-BYK/21E10. We show here that the monoclonal antibody is suitable for immunohistochemistry of unfixed frozen sections as well as formaldehyde-or Bouin-fixed, paraffin-embedded sections of human, rabbit, and mouse tissues. Moreover, in the study of cell-and tissue-specific distribution patterns, parallel Western blot analysis and immunoelectron microscopy is possible using this antibody. Our analyses demonstrate that creatine kinase B expression is restricted to a specific subset of cell types in various tissues. In brain, the B-subunit was found only in neurocytes, but not in glia cells. High expression was also observed in inner segments of photoreceptor cells and the outer plexiform layer of the retina, in the parietal celis of the stomach and in gut enterocytes, gallbladder and epithelial cells of the urogenital system. The possible roles of the creatine kinase/phosphocreatine-ATP system in these tissues are discussed.
Introduction
Creatine kinases (CKs, EC 2.7.3.2) constitute a small family of isoenzymes that catalyse the reversible exchange of high energy phosphate groups between phosphocreatine (PCr) and ADP through the reaction: MgADP-+PCr2-+H+e+MgATP2-+Cr.
Together, the enzymes and phosphoryl metabolites form the creatine kinase/phosphocreatine (CK/PCr) system, which plays an important role in the energy metabCorrespondence to: B. Wieringa olism of higher eukaryotic cells. In mammals, four CK subunits are known to exist, each of which is encoded by a distinct gene whose expression is cell-type specific and developmentally controlled. Two subunits, B-CK (brain) and M-CK (muscle), are located in the cytosol, where they are enzymatically active as BB-CK or MM-CK homodimers, or MB-CK heterodimers . The other two subunit isoforms, ubiquitous Mi a-CK and sarcomeric Mib-CK are restricted to the mitochondria .
The CK system is thought to function as a temporal energy buffer in cells that consume large amounts of ATP, whenever the rate of ATP hydrolysis exceeds ATP synthesis. In cells where the sites of ATP production are distant from the sites of hydrolysis, it can also act as an energy transport system. This so-called 'CP-shuttle' (Bessman and Carpenter 1985) , as proposed for skeletal muscle by Bessman and Geiger (1981) , also plays a role in other cell types, such as photoreceptor cells of the retina (Wallimann et al. 1986b; Hemmer et al. 1993 ) and mature spermatozoa (Tombes and Shapiro 1985; Wallimann et al. 1986a) . Finally, the CK system is involved in the maintainance of low ADP levels at the site of ATP hydrolysis (Iyengar 1984) and in intracellular proton buffering.
In the present report, we focus on the location and possible functions of the 43 kDa B-CK subunit. Although B-CK is one of the first characterized CKs and is the most widely expressed subunit, relatively little is known about its tissue distribution and intracellular localization. Thus far, antisera reagents with broad CK specificity or polyvalent antisera against synthetic peptides have almost exclusively been used for these studies (Wold et al. 1981; Friedman and Perryman 1991) . Moreover, the B-CK monoclonais (MoAb) available thus far have been useful for protein conformation studies in vitro (Morris and Cartwright 1990) , but not for immunohistochemistry and routine histology. Here, we describe a new MoAb developed using a synthetic peptide derived from the N-terminus of human B-CK as an antigen. To obtain further insight into the cell and tissue distribution of B-CK in mouse and rabbit, we screened fixed and unfixed tissues with this new antibody and verified our results by use of Western blotting. Also, the use of this antibody for immuno-electron microscopy (IEM) is demonstrated.
Materials and methods

Generation of a monoclonal antibody against human B-CK
Details on the production of antibody CK-BYK/21E10 have been described elsewhere (de Kok et al. 1995) . Briefly, peptide immunogen BW-17 was produced by standard solid phase synthesis (Sarin et al. 1981 ) and coupled to bovine serum albumin (BSA) at a molar ratio of 16:1. After collection of the preimmune serum, BALB/c mice were immunized by intraperitoneal injection of 80 gg BW-17/BSA conjugate in 300 gl phosphate-buffered saline (PBS) mixed 1:1 with Freund's complete adjuvant on day 1. Booster injections (with Freund's incomplete adjuvant) were given at days 14 and 28. Hybridoma production started at day 33. Standard methodology for fusion between immunized BALB/c spleen cells and SP2/OAG14 myeloma cells (Kthler and Milstein 1975) was used. Screening was carried out by standard ELISA on plates coated with (i) B-CK/~-galactosidase fusion protein produced in E. coIi; (ii) BW-17/casein or BW-17/thyroglobulin conjugates; (iii) lysate from Sf-9 wt cells and from Sf-9 cells producing native recombinant B-CK using the Baculovirus system (Smith et al. 1983; de Kok et al. 1995) ; (iv) commercially available M-CK (Boehringer). Positive clones were recloned twice by limiting dilution. Finally, CK-BYK/21E10 (IgG2b) was chosen for its high specificity and stable growth characteristics. Processing of ascites fluid was performed using standard procedures (Hoogenraad and Wraight 1986) . Cells (5.106) were injected intraperitoneally into nude BALB/c mice, pretreated with Pristan oil (Aldrich, Bornem, Belgium).
Western Blotting
Cell and tissue lysates were prepared from two 12 tol6-week-old mice (C57BL/6NCrl/BR, Charles River Wiga, Germany) and immediately frozen in liquid nitrogen. Tissues were homogenized using a teflon-glass Potter-Elvehjem homogenizer in 1:10 dilution (w/v) of buffer (50 U/ml heparin, 250 mM sucrose, 2 mM EDTA, 10 mM TRIS-HC1 (pH7.4) and stored at -80~ Homogenates were diluted five-fold in 20 mM phosphate buffer (pH7.4) containing 0.05% (v/v) Triton X-100 and incubated for 1 h at room temperature. After centrifugation at 14 000 rpm for 30 min at 4~ superuatants were stored at -80~ until use . Western blotting was performed following standard :protocols (Sambrook et al. 1989 ) using a mini-protean II apparatus (BioRad, Richmond, Calif., USA). After separation on 10% polyacrylamide slab gels, proteins were electroblotted (1 h 250 mA) onto nitrocellulose.membranes (Schleicher and Schull, Dassel, Germany) in a buffer containing 25 mM TRIS-HC1 (pH8.3), 192 mM glycine, 0.2% SDS, 20% methanol. Before incubation membranes were treated with 1% gelatin in TRIS-buffered saline/Tween 20, pH7.5, (TBST, 10 mM TRIS-HCI, pH7.5, 150 mM NaC1, 0.05% Tween) to reduce background. Then, filters were incubated for 30 min at room temperature with the primary antibody CK-BYK/21E10 (1:5000) in TBST containing 1% normal goat serum (NGS) and 0.1% BSA. After extensive washing in TBST, they were incubated with an alkaline phosphatase-conjugated goat antimouse IgG (Promega Biotec, Madison, Wis., USA) in TBST containing 1% NGS. Alkaline phosphatase activity was monitored by staining the membranes in nitroblue tetrazolium (NBT)/5-bromo-4-chloro-3-indolyl phosphate, according to specifications of the supplier (Promega).
Preparation of paraffin and cryostat sections
C57BL/6 mice (8-10 weeks) and New Zealand White rabbits (3 months) were sacrificed by cervical dislocation. For paraffin sections, the tissues were removed and fixed overnight in 4% neutral buffered formalin, or in Bouin's fixative. After dehydration they were embedded in paraffin (Paramat extra, BHD Gurr, UK) and 6-gm-thick sections were picked up on superfrost slides. For preparing cryostat sections, tissues were frozen in liquid nitrogen immediately after dissection and stored at -80~ Sections (6 gm thick) were cut at -20~ in a cryostat and stored on slides at -80~ before use.
Indirect immunoperoxidase assays (IPO)
After deparaffination in xylol and rehydration, sections were treated with 0.5% pepsin in 0.01N HC1 for 15 rain at 37~ rinsed in water for 20 min followed by PBS for 5 min. Endogenous peroxidase activity was blocked by treatment in 3% hydrogen peroxide in PBS for 20 min, followed by a 5-min wash in PBS. After preincubation with 1% normal swine serum (NSS) in PBS for 30 rain, the sections were incubated with the primary antibody CK-BYK/21E10 (1:2500) for 3 h at room temperature. Upon extensive rinsing in PBS, they were incubated with a horseradish peroxidase-conjugated rabbit anti-mouse antibody (1:100, Dakopatts, Glostrup, Denmark) for 30 min at room temperature. Following washing in PBS, peroxidase activity was detected with 0.1% 3-amino-9-ethylcarbazole (AEC, Sigma) and 0.03% H202 in 0.2 M NaOAc, pH4.9, for 5 min. Sections were counterstained with hematoxylin and mounted in glycerin-gelatine (Merck, Darmstadt, Germany).
Indirect immunofluorescence assays (IFA )
Frozen sections were dried for 30 min at room temperature. After 30 min of preincubation in 1% NSS in PBS, the sections were incubated with the first antibody CK-BYK/21E10 (1:2500) for: 60 min at room temperature and washed twice for 5 min with PBS. They then were incubated for 30 min with fluorescein-conjugated rabbit anti-mouse antibodies (Dakopatts, Glostrup, Den~ mark) at a dilution of 1:50. After washing twice for 5 min with PBS, sections were mounted in Aquamount (BDH). They were: analysed with a Zeiss Axioskop microscope with epifluorescent: illumination (Carl Zeiss, Oberkochen, Germany). Photographs were taken using 400 ASA TMY film (Kodak, Rochester, N.Y., USA).
Immuno-electron microscopy (1EM)
The tissues were briefly rinsed in physiological saline and fixed immediately by immersion for 2 h in a mixture of 2% paraformaldehyde and 0.1% glntaraldehyde in 0.1 M: PB, and were subsequently stored at 4~ in 1% paraformaldehyde in PB. Small tissue pieces were immersed in 2.3 M sucrose and directly frozen in liquid nitrogen. Ultrathin sections were cut with glass knives at -100~ with a Reichert Ultracut S, picked up on Formvar-coated copper grids and transferred onto melting gelatin. Sections were then rinsed three times in 0.1 M PB containing 0.1% BSA/0.1% gelatin/0.15% glycerin and incubated for 60 min at room temperature or overnight at 4~ with the primary antiserum CK-BYK/21E10 (1:20.000) or COTL1 (1:100), a MoAb to human coIon carcinoma (Poels et al. 1992 ) which served as a negative control. The second antibody RAM-IgG (25 ~tg IgG/ml) was applied for 45-60 rain (room temperature). Sections were rinsed and incubated in a protein A-gold (10-nm particles, prepared and used according to the method of Slot and Geuze 1985) solution for 60 min. Contrast staining consisted of 0.3% uranyl acetate in a 2% methylcellulose solution. After removal of excess methylcellulose the grids were dried. The ultrathin sections were examined with a Philips EM 301 electron microscope and photographed on 35 mm Kodak film.
Retinal sections were embedded in Lowicryl for examination. Upon fixation (as described above), cryoprotection was carried out by immersion in 10%, 20% and 30% glycerol in PB (30 rain each interval). Subsequently, the tissues were snap-frozen in liquid propane (KF 80, Reichert) and freeze-substituted in methanol (Reichert CS Auto). The embedding in Lowicryl HM20 resin (Bio-Rad, UK) was carried out at -45~ with progressive increase of the ratio resin/methanol. Polymerisation was performed by UVradiation for 16 h/45~ and 24 h/20~ The blocks with the specimens were trimmed, orientated and glued on epoxy resin cubes. Ultrathin sections were cut and picked up on Formvar-coated nickel grids, subsequently incubated as described for the ultracryo-sections and counterstained with 3% uranyl acetate and 2.6% lead citrate.
Results
Characterization of the species specificity of the monoclonal antibody (MoAb) CK-BYK/21EIO
CK-BYK/21E10 (IgG2b) was raised against a polypeptide derived from the N-terminal sequence of human B-CK. This peptide differs in two or three amino acid residues from the rat, rabbit and mouse sequences, and there is only an eight amino acid sequence (KLRFPAED) in the synthetic peptide that is conserved in all four species (Fig. 1A) . To investigate whether the MoAb would also react with B-CK from these species, a Western ZOO blot
A
Species
Sequence
was performed (Fig. 1B) , demonstrating the cross-reaction of the MoAb with B-CK from other species.
B-CK expression in mouse and rabbit tissues
Various paraffin-embedded adult mouse and rabbit tissues were screened for their B-CK expression. The results are summarized in Table 1 . For the tissues tested, no conspicuous differences in B-CK expression patterns between these two species were found. Generally, B-CK expression in simple epithelium appeared to be dependent on the tissue type. No B-CK was found in either cartilage or in the osteocytes of the bone-shaft of adult mice. However, some staining, presumably of the osteoclasts was found in the joints of 16.5 dpc mouse embryos (data not shown). Background staining was observed in striated muscle and in kidney of mice (but not of rabbits), thus hindering the analysis of B-CK expression in these tissues. In rabbits, B-CK was essentially absent in skeletal muscle fibers. Smooth muscle cells stained in all tissues examined. In nervous tissue, only neurons were B-CK positive, in contrast to glia cells which were negative.
Rabbit heart muscle cells stained weakly, but the endocardium was negative. B-CK expression in blood vessels was restricted to smooth muscle cells; connective tissue and endothelial cells were negative. In lymphoid organs, B-CK was only found in the spleen, where it was restricted to macrophages and dendritic cells. High expression was observed in both the ciliated and non-ciliated cells of the pseudostratified columnar epithelium of the trachea and bronchial tree, whereas basal cells only stained weakly. This latter finding was confirmed by irataunt-electron microscopy (unpublished data), as staining in basal cells was generally difficult to detect be- In the epithelium of the tongue, the most intense staining was observed in the cells of the granular and suprabasal layers. The basal cells stained only weakly, and no B-CK was found in the keratinized layer. High expression was found in the parietal cells of the fundic stomach (Fig. 2D) , whereas chief cells, mucous cells and endocrine cells were negative. B-CK expression in the intestines was restricted to the absorptive epithelial cells. Goblet cells, Paneth cells and endocrine cells were negative. Within the absorptive epithelial cells, the most intense staining was found in the apical cytoplasm. High expression was also observed in the columnar cells of the simple epithelium of the gallbladder ( Fig. 2A-C) , notably at the apical side. No goblet cells were found in any sections of the gallbladder examined.
In rabbit kidney, B-CK was located in the cortex as well as in the outer medulla, especially in the intercalated cells within the traject of distal convoluted tubules to collecting ducts. These observations were confirmed by staining serial sections with an antibody against calbindin-D28 k, specific for the principal cells of the distal convoluted and connecting tubules (Bindels et al. 1991) . B-CK expression was observed in all layers of the urothelium of the ureter (Fig. 2E ) and urinary bladder, although it was more pronounced in the basal and intermediate layers than in the surface layer. In the male genital system, intense staining was found in the principal (columnar) cells of the pseudostratified epithelium of the epididymis (Fig. 2G ) and vas deferens, and in the ceils (varying from columnar to cuboidal) of the seminal vesicles, prostate and coagulating glands. Basal cells of these tissues stained weakly. No distinct staining was detected in the testis (Fig. 2F ). In the female genital system, ovarian follicles of different stages were negative. B-CK was located in the ciliated cells but not in the nonciliated or glandular cells of the simple columnar epithelium of the oviduct and uterus. High expression in the vagina was observed in the granular and suprabasal layers. Basal cells stained weakly, whereas the keratinized layer was negative.
Because a complete analysis of all brain compartments is beyond the scope of this report, only general results will be presented. High expression was found in all parts of the CNS. Surprisingly, staining was restricted to neurocytes, and was not detectable in glial cells. In the cerebellar cortex (Fig. 2J) , very high expression was found in the Purkinje cells, both in the perikarya and in the projections. Neurons in the molecular layer were clearly positive, whereas small neurons in the granular layer were stained weakly and high levels of B-CK could only be detected in Golgi 2 cells. In the cerebellar medulla, only neurons of the deep cerebellar nuclei were stained. In the retina, high B-CK levels were demonstrated in the inner segments of photoreceptor cells and in the outer plexiform layer (Fig. 2H-I ). There was no staining in the outer segments of photoreceptor cells and in the retinal pigment layer, whereas intermediate staining was found in the other retinal layers. The precise cell-type-specific distribution of B-CK in the retina was showing that C K -B Y K / 2 1 E 1 0 can also be used with Bouin's fixative. Finally, the use of the M o A b in the IFA on unfixed frozen sections was tested. Because in this case the background staining of mouse tissues (except for cerebellum) was too high, the assay was performed on rabbit tissues. Findings as summarized in Table 1 , clearly demonstrate that the staining pattern of the fixed paraffin sections corresponds to that of the unfixed frozen sections, indicating that the M o A b can be used for both methods.
Western blot analysis
To control the results of the immunohistochemical assays, a Western blot was performed on lysates o f several different mouse tissues (Fig. 3) . The low amount of B-C K present in the lysates of striated muscle (not visible in Fig. 3 , however, a very faint band was seen in this tissue when higher amounts of protein were loaded) and kidney indicates that the staining found with the immunohistochemicaI assay of these tissues was indeed mainly background staining. For the other tissues tested, there is good correlation between the results of these two assays. These results confirm that, at least under the experimental conditions used, no other epitope is recognized by M o A b C K -B Y K / 2 1 E 1 0 in various tissues.
CK-BYK/21EIO in immuno-electron microscopy (IEM)
The use of the antibody in IEM was tested on rabbit photoreceptor cells and smooth muscle cells. Sections were incubated with the M o A b and upon incubation with the second antibody, the presence o f antigen was directly revealed by protein A coupled to 10-rim gold particles. The specificity of the reaction was determined by incubating serial sections with COTL1, a mouse MoAb to human colon carcinoma (Poels et al. 1992) , as a negative control.
In photoreceptor cells, B-CK expression proved to be restricted to the inner segments (Fig. 4A-B) . Label was found equally distributed throughout the cytoplasm, no concentration was seen in the vicinity of specific organelles such as mitochondria and basal bodies (Fig. 4C) . The outer segments of rods and cones were negative, which is in accordance with the results of the immunohistochemical assays. In smooth muscle cells, B-CK was shown to bind actin filaments of the contractile system ( Fig. 4D-E) . In the dense plaques, no increased reaction was observed. As expected, nuclei and mitochondria were negative.
Discussion
The cell-type-specific expression of the B-isoform of creatine kinase (B-CK) has been studied in a wide variety of tissues from various species ranging from sea urchin sperm (Tombes and Shapiro 1985) , monkey brain (Mora et al. 1991) , rat kidney (Friedman and Perryman 1991) to human limb buds (Shinohara et al. 1991) . Thus far, however, the reports describing the distribution of B-CK within one species mostly concerned mRNA studies (Trask and Billadello 1990) or protein analysis of total tissue lysates (Dawson and Fine 1967; Yasmineh et al. 1976; Argiroudis et al. 1982; Beatty and Doxey 1983; Galitzer and Oehme 1985; Lindena et al. 1986 ). Only few immunohistochemical studies of localizations of B-CK and M-CK isoenzymes have been published (Wold et al. 1981 ) using mostly polyclonal antisera. Because only very few reports have focussed on mice (Ikeda and Tomonaga 1987; Spicer and Schulte 1992) , a detailed inventory of B-CK distribution in this animal is lacking. This is unfortunate because the mouse has recently proven to be particularly useful for the examination of the biological role of the CK system, through the generation of animal models overexpressing (Koretsky et al. 1990; Brosnan et al. 1993 ), or lacking (van Deursen et al. 1993 , 1994a , 1994b ) CK-isoenzymes. For these reasons we studied the reactivity of MoAb CK-BYK/21El0 in various mouse tissues.
Since the MoAb was raised against a peptide derived from the human B-CK sequence, it was necessary to test whether it would recognize B-CK from other species. Comparison of the sequences from mouse, rat and rabbit with the human peptide (Fig. 1A) demonstrates 88% amino acid conservation in rat and 82% in mouse and rabbit (human M-CK, which is not recognized by the MoAb, only has a 41% homology in this fragment). Interestingly, this provides some information about the epitope recognized by the MoAb. As Western blotting (Fig. 1B) demonstrates that B-CKs of all species tested are recognized by CK-BYK/21E10 and sequence comparison shows only one stretch of eight consecutive amino acids conserved in all four species, this conserved octamer seems likely to contain the epitope.
Background staining with secondary antibodies often poses a problem when using homologous systems (i.e., mouse MoAbs on mouse tissues), because of the presence of endogenous immunoglobulins (Ig's). When using fixed paraffin-embedded mouse tissues, this problem was only encountered with striated muscle and kidney sections. However, it became more severe when IFA's were performed on unfixed frozen mouse sections. In this case only mouse cerebellum showed no background staining, presumably because brain is the only tissue that is kept free from endogenous Ig's by the blood-brain barrier. A small panel of rabbit tissues was therefore used for species comparison and to test the potency of MoAb CK-BYK/21E10 for immunohistochemistry on non-fixed tissue sections. No differences were apparent between the results obtained with the two techniques used (IPO and IFA) on the tissues analysed, and no significant differences were found between tissues of the two rodent species. Staining of rabbit tissues for B-CK also allowed us to establish the expression pattern of this subunit in striated muscle and kidney. As expected, skeletal muscle was negative, except for staining of the smooth muscle layers surrounding many blood vessels, which was seen when IFA's were performed. This might be the source of the small amount of B-CK that was traced in skeletal muscle extracts by Western blotting.
Our study revealed the presence of B-CK in mouse lung in both the ciliated and the secretory cells of the pseudostratified epithelial linings of the trachea and the bronchial trees. In rat lung, presence of both M-CK and B-CK subunits has already been demonstrated at the mRNA (Trask and Billadello 1990) and protein (Lindena et al. 1980 ) levels in whole tissue extracts. In these studies, however, no further specification of the cell-typespecific distribution of the CK isoforms was given.
In intestines, B-CK expression was found to be mainly restricted to the absorptive epithelial cells, in which apical staining was more intense than basolateral staining. This is in agreement with the results of Keller and Gordon (1991) , describing a distinct concentration of BB-CK in the brush border terminal web domain of chicken intestinal epithelial cells, although the apical staining in mice seems more diffuse. Expression in individual cells was more pronounced in small intestine than in large intestine. In the stomach, high B-CK levels were found only in the parietal cells (Fig. 2D ). These cells contain large numbers of mitochondria and are responsible for gastric acid production. The main protein involved in this high energy-demanding process is gastric H,K-ATPase (Klaassen and de Pont 1994) . Functional coupling between specific ATPases and cytosolic CKs has been demonstrated in several tissues and species (Wallimann et al. 1984; Blum et al. 1991; Gordon and Keller 1992) . B-CK in parietal cells may thus play a role in providing gastric H,K-ATPases with ATR Indeed we have recently obtained biochemical evidence that there is a close association of both enzymes in these cells (data not shown). The staining of the columnar epithelial cells of the gallbladder ( Fig. 2A-C) reflects the high energy demand of bile concentration, which is also driven by a proton ATP-ase (Plevris et al. 1992) .
In rabbit kidney, staining was restricted to the traject of distal convoluted tubules to collecting ducts in the outer medulla and the cortex. This was confirmed by incubating serial sections for calbindin-D28 k, a protein found in the principal cells of the distal convoluted and connecting tubules in rabbit. In rat kidney, however, B-CK has been located in the inner stripe of the outer medulla, particularly in the thick ascending limb of the loop of Henle and in the distal convoluted tubules (Friedman and Perryman 1991) . The species specificity of these differences was demonstrated by incubating rat kidney sections with our MoAb (data not shown), which largely confirmed the staining pattern described by Friedman and Perryman (1991) .
Epithelia of the epididymis, vas deferens, seminal vesicles and prostate contained high levels of B-CK. Seminal vesicles and the prostate gland are known to be sources of B-CK in seminal plasma (Soufir 1979; Kava-nagh and Darby 1983) . Interestingly, testes (including immotile sperm cells) were almost negative, a finding that was confirmed by Western blot hybridization. These results raise questions concerning the origin of the high levels of B-CK present in motile sperm cells (Wallimann et al. 1986a; Tombes et al. 1987) .
In the compartments of the CNS (cerebral hemisphere, choroid plexus, cerebellum (Fig. 2J) , spinal cord) that were analysed, B-CK was only detected in neural cells and not in glia cells, and was expressed in grey matter at levels higher than in white matter. This is in accordance with in vivo localized 31p spectroscopy of the human brain (Cadoux-Hudson et al. 1989) , demonstrating CK-activity in the grey matter to be twice that of the white matter. The very high levels of B-CK found in the Purkinje cells have been described previously (Kato et al. 1986; Ikeda and Tomonaga 1987) . Earlier immunohistochemical and in situ hybridization studies in brain yielded conflicting results on whether B-CK is found only in neurons (Bergen et al. 1993) , only in glia cells (Thompson et al. 1980) or in both neurons and glia cells (Yoshimine et al. 1983; Ikeda and Tomonaga 1987; Manos et al. 1991) . Based on findings for cultured oligodendrocytes, it was proposed that B-CK plays a role in these cells during myelinogenesis (Manos et al. 1991) . We cannot exclude that the absence of B-CK in these cells might be due to the use of adult mice, in which myelinogenesis has almost been completed, although the differences may also be due to trivial differences in antibody preparations. Alternatively, epitopes buried in the molecule may be differently recognized by different antibodies. Thus, it is possible that distinct cell-type-dependent conformations of the B-CK enzyme may mask the epitope recognized by our MoAb. Indeed, conformational flexibility of the N-terminal region of B-CK that harbours the epitope for our MoAb has been demonstrated (Morris and Nguyen thi Man 1992) . Regardless of the explanation, staining with this new B-CK-specific MoAb confirms the results obtained by in situ hybridization with a B-CK-specific DNA probe (Bergen et al. 1993) , thus warranting further study of B-CK production in glia cells.
In the eye, B-CK was found in the epithelial layers of the cornea, and throughout the retina, with the highest concentrations in the inner segments of the photoreceptor cells as well as in the plexiform layers. This is in agreement with the situation described for chicken retina by Walliman et al. (1986b) . The expression of B-CK described for bovine photoreceptor cell outer segments (Hemmer et al. 1993) could not be detected in mice, but may again be attributed to differences in epitope recognition as discussed above. Although staining of the inner ear was less pronounced, possibly as a result of the decalcification procedures, a reaction pattern closely resembling that described by Spicer and Schulte (1992) was found. Only within the stria vascularis was moderate B-CK staining observed, whereas these authors described M-CK to be the sole CK isoform present in this area.
IEM analysis of the distribution of CK subunits has so far been mainly restricted to the mitochondrial isoforms and to the M-CK subunit, although few reports described the use of anti B-CK polyclonal antibodies in IEM (Hemmer et al. 1993; Tomimoto et al. 1993) . A B-CK-specific MoAb that can be used for this technique is therefore of particular value for determining the intracellular localization of the B-CK subunit. MoAb CK-BYK/21E10 tested on rabbit retinal photoreceptor and smooth muscle cells detected a distinct cytoplasmic reaction pattern, whereas nuclei and mitochondria were negative, thus proving the suitability of this antibody for IEM. In photoreceptor cells, B-CK was exclusively found in the inner segments, while the outer segments were negative, confirming the results obtained with the immunohistochemical analysis at the light-microscopic level. In smooth muscle, B-CK was found on the actin filaments ( Fig. 4D-E) . This is in complete agreement with the results of Clark et al. (1992) demonstrating the localization of B-CK on the contractile system of skinned fibers of guinea-pig taenia coli.
Clearly, a more elaborate, cell-type-specific IEM analysis is needed to further our understanding of B-CK distribution at the ultrastructural and cellular levels. From the analyses presented here, we conclude that our new MoAb, which is of the IgG2b subtype, can be applied to both immunohistochemical and biochemical approaches in these studies.
